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Neighbourhood safety and area deprivation
modify the associations between parkland and
psychological distress in Sydney, Australia
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Abstract

Background: The aim of this study was to investigate how perceived neighbourhood safety and area deprivation
influenced the relationship between parklands and mental health.

Methods: Information about psychological distress, perceptions of safety, demographic and socio-economic
background at the individual level was extracted from New South Wales Population Health Survey. The proportion
of a postcode that was parkland was used as a proxy measure for access to parklands and was calculated for each
individual. Generalized Estimating Equations logistic regression analyses were performed to account for correlation
between participants within postcodes, and with controls for socio-demographic characteristics and socio-
economic status at the area level.

Results: In areas where the residents reported perceiving their neighbourhood to be “safe” and controlling for area
levels of socio-economic deprivation, there were no statistically significant associations between the proportion of
parkland and high or very high psychological distress. In the most disadvantaged neighbourhoods which were
perceived as unsafe by residents, those with greater proportions of parkland, over 20%, there was greater
psychological distress, this association was statistically significant (20-40% parkland: OR=2.27, 95% CI=1.45-3.55;
>40% parkland: OR=2.53, 95% CI=1.53-4.19).

Conclusion: Our study indicates that perceptions of neighbourhood safety and area deprivation were statistically
significant effect modifiers of the association between parkland and psychological distress.
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Background
Greenspace is defined as any vegetated land adjoining an
urban area [1] and includes bushland, nature reserves,
national parks, outdoor sports fields, school playgrounds
and rural or semi-rural areas immediately adjoining an
urban area. It can impact on physical and mental health
through a number of pathways: it has a restorative func-
tion [2,3], provide opportunities for physical activity
[4,5] and facilitate social connections [6,7]. Further,
greenspaces and attractive surroundings can increase
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reproduction in any medium, provided the or
physical activity with its associated effects on physical
and mental health. People who have better access to
parks and greenspaces are more likely to report that they
engage in physical activity [8-12] and attractive parks are
associated with higher levels of walking [13]. However,
there are also studies that report no associations be-
tween greenspace and physical activity [14,15] and hence
the evidence for the impact of greenspace on physical
activity is not as clear.
Parklands and greenspaces can also impact on well-

being and mental health. Maas et al. [16] reported an
association between the higher percentage of greenspace
within a one or three kilometre radius and better self-
rated health. De Vries et al. [17] also found positive asso-
ciations between greenspace and self-rated health and
that the effect was stronger in women who worked in
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the home and the elderly - the two groups of people
who would be likely to spend more time in the local
area. Grahn and Stigsdotter [18] reported associations
between increased urban park use and lower levels of
reported stress. In Australia, respondents who perceived
their neighbourhood to be very green also reported bet-
ter physical and mental health [19]. Further, greenspace
can facilitate increased social connectedness [20-22]
which in turn is associated with better health and well-
being [23]. Here again the evidence for the beneficial
effect of parkland on mental health and well-being is far
from clear. For example, a study in England found no as-
sociation between greenspace and self-rated health in
higher income suburban and higher income rural areas
and that greater amount of greenspace was associated with
poorer health in low-income suburban areas [24]. Further,
although van Dillen et al. showed a positive association be-
tween the quantity of greenspace and mental health, they
were unable to demonstrate an association between the
quality of greenspace and mental health[25].
Recent evidence suggests that neighbourhood physical

and social characteristics, for example, vandalism, litter,
safety, gangs and vacant housing are associated with psy-
chological distress [26]. Even perceptions of violence,
crime, drug use and graffiti are associated with mental
health problems such as depression and anxiety [27].
Social factors such as neighbourhood deprivation, social
isolation and social mobility are all associated with
depression [28-31].
An important factor that may modify the effects of

greenspace or parkland on physical activity and mental
health is physical characteristics of the neighbourhood
and the perception of how safe one feels in a neighbour-
hood. The perception that the neighbourhood is unsafe
can lead people choosing not to use parks and greenspaces
[32,33]. Furthermore, area deprivation may also mediate
the effects of parkland on physical activity and well-being.
The provision of parkland has been found to be poorer in
lower socioeconomic status areas in one study [34]. The
quality of parkland and greenspaces facilities and safety
were poorer in more deprived areas [34,35] and residents
living in deprived areas reported higher perceptions of
problems with safety, more negative perceptions of their
neighbourhood and were less likely to use the greenspaces
[36,37]. Hence, perceptions of neighbourhood safety and
area deprivation may be important factors in mediating
the effects of parkland on mental health and well-being.
No studies, as far as we aware, have investigated interac-
tions between perceptions of neighbourhood safety, area
deprivation and parkland, to explore how perceived neigh-
bourhood safety and area deprivation change the relation-
ship between parklands and mental health. Information
from such studies could add to our understanding of the
potential complex relationships between parklands and
mental health and inform interventions to improve the
overall health and well-being of residents. We therefore
investigated associations between access to parkland and
psychological distress in Sydney, Australia, and whether
these associations were modified by perceptions of neigh-
bourhood safety and area deprivation.

Methods
The study area was limited to the Sydney Statistical Div-
ision and consists of 43 local government areas (LGAs) and
255 postcodes. The study area has a population of approxi-
mately 4.12 million people and covers an area of 12,428
square kilometres. The study was conducted in 2011.

Access to parkland
We used the proportion of a postcode that was parkland
as a proxy measure for access to parklands. We
downloaded the 2006 land use dataset at the mesh block
level from the Australian Bureau of Statistics website
(http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/
1209.0.55.0022006?OpenDocument). The mesh block is
the smallest geographical unit, their boundaries cover the
whole of Australia without gaps or overlaps and can be ag-
gregated reasonably accurately to different geographical
and administrative boundaries. We selected all mesh
blocks in the study area that were identified as parkland.
We allocated parkland mesh blocks to postcodes and cal-
culated the proportion of the postcode that was parkland.
Postcodes were then categorised into three groups: 0-19%
parkland, 20-40% parkland and >40% parkland. These
three categories were used in all analyses.

Psychological distress and perception of neighbourhood
safety
We obtained de-identified information about psycho-
logical distress, perceptions of safety and relevant covari-
ates at the individual level from the 2007, 2008 and 2009
New South Wales (NSW) Population Health Surveys,
NSW Ministry of Health. The NSW Population Health
Survey is an on-going telephone survey of residents
(from birth upwards conducted continuously between
February and December each year). The target popula-
tion for the surveys was all NSW residents living in
households with private telephones and the target
sample size was approximately 12,000 people per year.
Households were contacted using list assisted random
digit dialling. One person from the household was ran-
domly selected for inclusion in the survey. Respondents
were asked questions from modules on demographics,
health behaviours, health status, and access to and satis-
faction with health services.
There were 13,178 adult respondents in the 2007

NSW Population Health Survey, 10,296 adult respon-
dents in the 2008 NSW Population Health Survey and
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10,719 adult respondents in the 2009 NSW Population
Health Survey, a total of 34,193 respondents aged 16
years or older. Of these respondents, 13,970 (41%)
(5,443 from the 2007 survey, 4,241 from the 2008 survey
and 4,286 from the 2009 survey) resided in metropolitan
Sydney. Of the 13,970 respondents, 10,710 (77%) re-
spondents had information on psychological distress.
Psychological distress was measured using the Kessler-

10 (K10) instrument which is a 10-item questionnaire
that measures the level of psychological distress in the
most recent four week period [38]. A K10 score of ≥22
reflects high or very high psychological distress.
Psychological distress was classified as high/very high
and none/low/moderate. Perceptions of neighbourhood
safety was derived from the following question: “My area
has a reputation for being a safe place. Do you agree or
disagree?” The responses were classified as strongly
agree/agree and disagree/strongly disagree.

Measurement of socio-economic status at the area level
The 2006 Index of Relative Socio-Economic Disadvan-
tage (IRSED) at the postcode level was used in the ana-
lyses as a measure of area deprivation. The IRSED was
created by the Australian Bureau of Statistics to compare
social and economic disadvantage across geographical
areas in Australia. The index is derived from the 2006
Census variables such as low income and educational at-
tainment, high unemployment, and people working in
unskilled occupations. The index has a mean score of
1,000 and standard deviation of 100 [39]. IRSED was
categorised into tertiles for our analyses: tertile 1 (most
disadvantaged group), tertile 2 (middle disadvantaged
group) and tertile 3 (least disadvantaged group).

Statistical methods
We used generalised estimating equations (GEE) logistic
regression models to examine the association between
parkland and high/very high psychological distress. GEE
logistic regression accounted for correlation between
participants within postcodes. As we had a large sample
size, only statistically significant variables from the uni-
variate regression analyses were included in the final
model to account for any potential confounding effect.
These variables were age, gender, household income,
highest level of education completed, employment sta-
tus, self-rated health and population density. Population
density was included in the model as it can be associated
with anxiety and depression in older people [40].
Both one-way and two-way interactions between

safety, area deprivation index and parkland were ex-
plored. One-way interactions between perceived safety
and area deprivation index, neighbourhood safety and
parkland, and area deprivation index and parkland were
all statistically significant (p<0.0001 for all three one-way
interactions). The two-way interaction between safety,
area deprivation index and parkland was also statisti-
cally significant (p<0.0001). The size of our dataset
(n=10,710) provided sufficient statistical power to strat-
ify the data rather using two-way interaction terms,
which can be difficult to interpret. We therefore devel-
oped regression models, stratifying the data by reported
neighbourhood safety.
The main effect of parkland on high/very high psycho-

logical distress generated from the GEE logistic regres-
sion model is presented in the Result section, followed
by the GEE logistic regression model with interaction
effects between area deprivation index and parkland.
Results from GEE models are presented as odds ratios

(ORs) together with their 95 percent confidence inter-
vals (95%CI). All estimates were weighted to adjust for
differences in the probabilities of selection among sub-
jects and for differences between the age and sex struc-
ture of the sample and Australian Bureau of Statistics
mid-year population estimates for NSW. All analyses
were conducted using Proc Genmod in SAS v9.2 (SAS
Institute Inc., Cary, NC).
De-identified health survey data were provided to us

by the NSW Ministry of Health who are the data custo-
dians. The NSW Ministry of Health approved the use of
the health survey data for this study. Ethics approval
from an institutional human research ethics committee
was not required.
Results
The study area comprised 260 postcodes. The mean popu-
lation of postcodes was 15,929 persons (standard devi-
ation=12,839 persons), median was 13,147 persons and the
range was 80–85,333 persons. The mean geographic area
of postcodes was 56 km2, the median was 7.6 km2 and the
range was 0.6-3,527 km2. The mean population density per
postcode was 2,289 persons per square kilometre (standard
deviation=1,824, median=1,938, range=1-11,442). There
was a mean of 55 respondents per postcode (range=1-248).
Respondents who were females, younger, unemployed,

had lower household incomes, who perceived their neigh-
bourhood as not safe, lived in more disadvantaged areas
and reported poor self-rated health were more likely to re-
port high/very high psychological distress (Table 1). There
were no statistically significant differences in the preva-
lence of reported high/very high psychological distress by
the three categories of parkland (Table 1).
There were statistically significant associations be-

tween parkland and area deprivation (p<0.0001), be-
tween parkland and whether respondents thought their
local area had a reputation for being a safe place
(p=<0.0001) and area deprivation and perceptions of
safety (p<0.0001).



Table 1 High or very high psychological distress by demographic characteristics (weighted to the population)

High/very high psychological distress1

N=13,970 Univariate analysis

Gender n % OR. 95% CI

Male 5,486 7.2 0.71 (0.56−0.88)

Female 8,484 10.3 1

Age group (years)

16−24 1,191 10.3 2.44 (1.69−3.54)

25−34 1,425 9.7 2.19 (1.51−3.18)

35−44 1,979 9.9 1.91 (1.38−2.65)

45−54 2,436 8.1 1.24 (0.93−1.67)

55−64 2,943 8.2 1.56 (1.16−2.11)

65+ 3,996 5.4 1

Household income

<$20,000 2,479 14.7 2.56 (1.83−3.58)

$20,000−$39,999 2,090 12.4 2.29 (1.67−3.15)

$40,000−$59,999 1,635 9.8 1.82 (1.28−2.59)

$60,000−$79,999 1,449 7.5 1.19 (0.78−1.82)

$80,000+ 3,721 5.6 1

Highest education

University 4,532 6.7 0.21 (0.06−0.74)

TAFE2 2,886 9.6 0.33 (0.10−1.14)

High school 2,330 8.4 0.31 (0.09−1.09)

Did not complete high school 4,026 11.4 0.38 (0.11−1.31)

Other 63 16.8 1

Employment status3

Yes 7662 7.0 0.50 (0.40−0.62)

No 6268 12.2 1

Index of Relative Socio-Economic Disadvantage

Most disadvantaged group 3,655 11.5 2.57 (1.79−3.69)

Middle disadvantaged group 7,943 8.5 2.13 (1.46–3.12)

Least disadvantaged group 2,371 5.0 1

Perceived neighbourhood safety

Yes 6,916 7.2 0.47 (0.37−0.60)

No 2,376 14.5 1

Self-rated health

Excellent, very good or good 10,282 6.3 0.25 (0.21−0.31)

Fair, poor or very poor 2,947 18.6 1

Parkland

0−19% 6,659 8.9 1

20−40% 5,149 8.6 1.05 (0.76−1.43)

>40% 2,162 8.6 1.15 (0.78−1.70)
1The denominator includes yes, no and don’t know/refused. 2TAFE technical and further education certificate/diploma is a vocational tertiary qualification ranked
below a university degree. 3Unemployment means did not have a job.
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In the main effects model, the associations between
parkland and high/very high psychological distress was
not statistically significant (20-40% parkland: OR=1.07,
95%CI=0.77-1.47, p=0.70; >40% parkland: OR=1.35, 95%
CI=0.92-1.97, p=0.12). Respondents who perceived that
their neighbourhood was not a safe place were generally
more likely to report high/very high psychological dis-
tress if they lived in postcodes with ≥20% parkland com-
pared to 0-19% parkland (Table 2). However, these
associations were statistically significant only for those



Table 2 Associations between proportion of postcode that is parkland and high or very high psychological distress*

Perception of
neighbourhood safety

Area disadvantage
(tertiles of IRSED)

Parklandx Parkland Parkland

0−19% 20−40% >40%

OR OR (95%CI) OR (95%CI)

p-value p-value

Not a safe neighbourhood Most disadvantaged group 1 2.27 (1.45−3.55) <0.01 2.53 (1.53−4.19) <0.01

Middle disadvantaged group 1 0.38 (0.15−0.92) 0.03 1.92 (0.95−3.88) 0.07

Least disadvantaged group 1 2.15 (0.32−14.31) 0.43 2.92 (0.55−15.53) 0.21

Safe neighbourhood Most disadvantaged group 1 1.02 (0.59−1.74) 0.96 1.21 (0.56−2.58) 0.63

Middle disadvantaged group 1 0.81 (0.42−1.56) 0.53 0.68 (0.34−1.36) 0.28

Least disadvantaged group 1 0.79 (0.39−1.59) 0.51 1.20 (0.55−2.59) 0.65
*Age, gender, household income, highest level of education completed, employment status and self-rated health included as individual level covariates in all
models; population density included in all models as area level covariate.
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in the most disadvantaged areas. In the least disadvan-
taged areas, the magnitude of the associations between
parkland and high/very high psychological distress, al-
though non-statistically significant, were similar to those
in the most disadvantaged areas. The exception was resi-
dents of the middle disadvantaged group who reported
statistically significantly less psychological distress if they
lived in postcodes with 20-40% parkland compared to
0-19% parkland.
There were no statistically significant associations be-

tween proportion of parkland and psychological distress
in respondents who perceived that their neighbourhood
was a safe place (Table 2). However, respondents in the
middle group for area deprivation who perceived that
their neighbourhood was not a safe place had non-
statistically significant lower risks of high/very high psy-
chological distress compared to residents in the most
and least deprived postcodes.

Discussion
In this study, there were no associations between the
proportion of parkland and psychological distress where
it was perceived that the neighbourhood was safe. How-
ever, there were significant statistically significant associ-
ations between the proportion of parkland and high or
very high psychological distress when the proportion of
parkland was ≥20% and if it was perceived that the
neighbourhood was unsafe. As with many other studies,
we controlled for important potential confounders such
as age, gender, income, level of education and population
density which, in our data, were associated with high or
very high psychological distress. In addition, we also
investigated interactions between proportion of parkland
and perceptions of neighbourhood safety and area
deprivation.
Although many studies have suggested that exposure

to greenspace or parkland is associated with better
health and well-being [16,17,19], we were not able to
demonstrate that exposure to a higher proportion of
parkland was associated with less psychological distress.
However, we did find evidence indicating that percep-
tions of neighbourhood safety and area deprivation were
statistically significant effect modifiers of the association
between parkland and psychological distress.
No studies, as far as we are aware, have reported on

effect modification of the association between parkland
and mental health by area deprivation. Our findings
show that increased psychological distress is associated
with high proportion of parkland in both the most and
the least socio-economically disadvantaged areas but
only if the neighbourhood is perceived as unsafe. If the
neighbourhood was perceived as safe, then there were
only weak non-statistically significant associations be-
tween parkland and psychological distress regardless of
area deprivation. In the United Kingdom, Mitchell and
Popham [24] reported poorer self-rated health with
increasing percentage of greenspace in suburban low
income areas but not in urban and rural low income
areas and suggest that this may be due to a larger pro-
portion of poorer quality greenspace in low income sub-
urban areas. Residents of deprived neighbourhoods also
have poorer perceptions of access to greenspace (despite
shorter mean distances to greenspace compared to less
deprived neighbourhoods) [36,41] and safety of
greenspace [36]. More disadvantaged areas are also more
likely to have poorer lighting (Crawford et al.) which
may influence safety from crime [11].
The importance of neighbourhood safety is also

reflected in several papers where it is proposed that safe
environments stimulate positive behaviours (e.g. amount
of physical activity) and leads to reduction in stress
[33,42,43]. Also, Agyemang et al. suggested feeling un-
safe and dissatisfaction with greenspace was associated
with poor self-rated health and discourages people en-
gaging in outdoor activities [44]. Parkland associated
with poor neighbourhood safety is consistently nega-
tively associated with physical activity [41,45-47]. Jones
et al. [36] reported statistically significant decreasing
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trends in levels of adequate physical activity with in-
creasing perceptions of lack of safety of greenspace.
Parklands may be a space for criminal activities and anti-
social behaviours, and would explain why people may
feel unsafe in neighbourhoods with large proportions of
parkland [48]. This in turn may impact on recreational
physical activity levels which in turn may adversely im-
pact on psychological health and well-being.
In our study, respondents of the middle disadvantaged

group, compared to the most disadvantaged and least
disadvantaged areas, were less likely to report increased
psychological distress with increasing percentages of
parkland regardless of perceptions of the safety of the
neighbourhood. It is not clear to us why this is so. This
may be due to anomalies in the spatial level of our park-
land data or to some important unmeasured con-
founders. However, it is not unusual to observe similar
non-linear relationships in the literature. For example, a
non-linear relationship between socio-economic status
and psychological distress has been previously reported
[49] and Poulos at al. [50] found a non-linear relationship
between socio-economic status and childhood injuries.
The strengths of our study were that our subjects

were part of an ongoing population based health status
and risk behaviour survey, we had a large sample size
and we took into account the multi-level nature of the
data. The relatively high response rates (63.6% in 2007,
63.4% in 2008 and 58.7% in 2009) and the representative-
ness of the NSW Population Health Survey weighted
sample ensures that our results are generalisable to
metropolitan Sydney and other similar major Australian
cities [51].
There are a number of limitations to our study. We

obtained information on parkland from the ABS as land
use data at the mesh block level. However, the electronic
data did not allow us to analyse the data by number of
discrete parks as a number of parcels of parkland could
have contributed to a defined park. Further, parkland
included state forests and national parks. We could not
categorise parkland into more usable categories, for
example, sports fields, bushland, presence of picnic facil-
ities, etc., nor could we assess the quality of the park-
land. We were also not able to calculate alternate
metrics for access to parklands such as travel distance or
travel time to parks as we did not have access to ad-
dresses for respondents in the NSW Health Surveys
(addresses are not collected as part of the surveys). We
were only able to obtain health survey data at the post-
code level and hence we were restricted to using post-
code as the unit of analysis. We would have preferred
individual level data or data at smaller spatial units for
analyses so as to have more accurate measures of expos-
ure to parkland and to minimise exposure misclassifica-
tion which is likely to be non-differential. This limitation
of our study may decrease the precision of the estimates
but not bias the results. Further, although the NSW
Health Surveys were designed to provide estimates for
spatial units larger than those used in this study, we do
not expect this will affect our findings. Other limitations
were that by using data from an existing cross-sectional
survey we are not able to make a causal link between park-
land and the reported health outcomes and that although
we adjusted for a number of important potential con-
founders, there may yet be some residual confounding.
However, we share this limitation with most other pub-
lished studies on neighbourhoods and health.

Conclusion
Our results highlight the importance of perceptions of
neighbourhood safety and psychological distress and the
findings should be noted by both government and planners.
Further research should explore associations between park
characteristics, different metrics for measuring access to
parks (for example, distance to parks from residential ad-
dress, work address and park), and their interaction with
socio-demographic factors and neighbourhood environ-
ments. Such studies will require collaboration among a
range of disciplines such as epidemiology, public health,
psychology, urban planning, landscape design and transpor-
tation planning, to develop policies and recommendations
beneficial to the overall health and well-being of residents.

Competing interests
The authors declare that they have no competing interests.

Authors’ contribution
SC, EL, RH and HAR conducted the study and drafted the manuscript. RB
and BJ provided input into data interpretation and the draft manuscript. All
authors read and approved the final version of the manuscript.

Acknowledgements
We wish to acknowledge and thank the New South Wales Health Survey
Program, Centre for Epidemiology and Research for collecting the data and
the Chief Health Officer for approving, the use of the data.

Author details
1Centre for Research, Evidence Management and Surveillance, Sydney and
South Western Sydney Local Health Districts, Locked Bag 7279 Liverpool
BCNSW 1871 Sydney, Australia. 2South Western Sydney Clinical School,
University of New South Wales, Locked Bag 7017 Liverpool BCNSW 1871
Sydney, Australia. 3School of Public Health and Community Medicine,
University of New South Wales, Locked Bag 7017 Liverpool BCNSW 1871
Sydney, Australia. 4Bureau of Health Information, Ministry of Health, Sydney,
Australia. 5School of Psychological Science, La Trobe University, Melbourne,
Australia; and School of Psychology, The University of Sydney, Sydney,
Australia.

Received: 30 July 2012 Accepted: 9 April 2013
Published: 1 May 2013

References
1. Scotland G: Health impact assessment of greenspace: a guide. Stirling: Edited

by scotland g; 2008.
2. Stigsdotter UK, Ekholm O, Schipperijn J, Toftager M, Kamper-Jørgensen F,

Randrup TB: Health promoting outdoor environments - Associations
between green space, and health, health-related quality of life and



Chong et al. BMC Public Health 2013, 13:422 Page 7 of 8
http://www.biomedcentral.com/1471-2458/13/422
stress based on a Danish national representative survey. Scand J Public
Health 2010, 38(4):411–417.

3. Van Den Berg AE, Maas J, Verheij RA, Groenewegen PP: Green space as a
buffer between stressful life events and health. Soc Sci Med 2010,
70(8):1203–1210.

4. Giles-Corti B, Donovan RJ: The relative influence of individual, social and
physical environment determinants of physical activity. Soc Sci Med 2002,
54:1793–1812.

5. Wen M, Kandula NR, Lauderdale DS: Walking for transportation or leisure:
what difference does the neighborhood make? J Gen Intern Med 2007,
22(12):1674–1680.

6. Abraham A, Sommerhalder K, Abel T: Landscape and well-being: a
scoping study on the health-promoting impact of outdoor
environments. Int J Public Health 2010, 55:59–69.

7. Morris N: Health, well-being and open space. Edinburgh: Edinburgh College
of Art and Heriot-Watt University; 2003.

8. Cohen DA, Ashwood JS, Scott MM, Overton A, Evenson KR, Staten LK, Porter
D, McKenzie TL, Catellier D: Public parks and physical activity among
adolescent girls. Pediatrics 2006, 118(5):1381–1389.

9. Epstein LH, Raja S, Gold SS, Paluch RA, Pak Y, Roemmich JN: Reducing
Sedentary Behavior. Psychol Sci 2006, 17(8):654–659.

10. Coombes E, Jones AP, Hillsdon M: The relationship of physical activity and
overweight with objectively measured green space accessibility and use.
Soc Sci Med 2010, 70(6):816–822.

11. McCormack GR, Rock M, Toohey AM, Hignell D: Characteristics of urban
parks associated with park use and physical activity: a review of
qualitative research. Health Place 2010, 16:712–726.

12. Kaczynski AT, Henderson KA: Environmental correlates of physical activity:
a review of evidence about parks and recreation. Leis Sci 2007,
29:315–354.

13. Giles-Corti B, Broomhall MH, Knuiman M, Collins C, Douglas K, Ng K, Lange
A, Donovan RJ: Increasing walking: How important is distance to,
attractiveness, and size of public open space? Am J Prev Med 2005,
28(2, Supplement 2):169–176.

14. Maas J, Verheij R, Spreeuwenberg P, Groenewegen P: Physical activity as a
possible mechanism behind the relationship between green space and
health: A multilevel analysis. BMC Publ Health 2008, 8(1):206.

15. Wendel-Vos GCW, Schuit AJ, De Niet R, Boshuizen HC, Saris WHM,
Kromhout D: Factors of the physical environment associated with
walking and bicycling. Med Sci Sport Exer 2004, 36:725–730.

16. Maas J, Verheij RA, Groenewegen PP, de Vries S, Spreeuwenberg P: Green
space, urbanity and health: how strong is the relation? J Epidemiol
Community Health 2006, 60:587–592.

17. de Vries S, Verheij RA, Groenewegen PP, Spreeuwenberg P: Natural
environments-healthy environments? An exploratory analysis of the
relationship between greenspace and health. Environ Plan A 2003,
35:1717–1731.

18. Grahn P, Stigsdotter UA: Landscape planning and stress. Urban Forestry &
Urban Greening 2003, 2:1–18.

19. Sugiyama T, Leslie E, Giles-Corti B, Owen N: Associations of
neighbourhood greenness with physical and mental health: do walking,
social coherence and local social interaction explain the relationships?
J Epidemiol Community Health 2008, 62(5):e9.

20. Coley RL, Sullivan WC, Kuo FE: Where Does Community Grow? Environ
Behav 1997, 29(4):468–494.

21. Kuo F, Sullivan W, Coley R, Brunson L: Fertile ground for community:
Inner-city neighbourhood common spaces. Am J Community Psychol 1998,
26(6):823–851.

22. Kweon B-S, Sullivan WC, Wiley AR: Green Common Spaces and the
Social Integration of Inner-City Older Adults. Environ Behav 1998,
30(6):832–858.

23. Kawachi I, Berkman L: Social ties and mental health. J Urban Health 2001,
78(3):458–467.

24. Mitchell R, Popham F: Greenspace, urbanity and health: relationships in
England. J Epidemiol Community Health 2007, 61(8):681–683.

25. van Dillen SME, De Vries S, Groenewegen P: Greenspace in urban
neighbourhoods and residents' health: adding quality to quantity.
J Epidemiol Commun Health 2011, 66(8):1–5.

26. Latkin CA, Curry AD, Hua W, Davey MA: Direct and indirect associations of
neighbourhood disorder with drug use and high-risk sexual partners.
Am J Prev Med 2007, 32(6S):S234–S241.
27. Aneshensel CS, Sucoff CA: The neighbourhood context of adolescent
mental health. J Health Soc Behav 1996, 37(4):293–310.

28. Mulvey A: Gender, economic context, perceptions of safety, and quality
of life: a case study of Lowell, Massachusetts (U.S.A.), 1982–96.
Am J Community Psychol 2002, 30(5):655–679.

29. Ross CE, Reynolds JR, Geis KJ: The contingent meaning of neighbourhood
stability for residents' psychological well-being. Am Sociol Rev 2000,
65:581–597.

30. Stockdale SE, Wells KB, Tang L, Belin TR, Zhang L, Sherbourne CD: The
importance of social context: neighborhood stressors, stress-buffering
mechanisms, and alcohol, drug, and mental health disorders. Soc Sci Med
2007, 65(9):1867–1881.

31. Yen IH, Kaplan GA: Poverty area residence and changes in depression
and perceived health status: evidence from the Alameda County Study.
Int J Epidemiol 1999, 28(1):90–94.

32. Seaman P, Jones R, Ellaway A: It's not just about the park, it's about
integration too: why people choose to use or not use urban
greenspaces. Int J Behav Nutr Phys Act 2010, 7(1):78.

33. Groenewegen PP, van den Berg AE, de Vries S, Verheij RA: Vitamin G: effects
of green space on health, well-being, and social safety. BMC Publ Health
2006, 6.

34. Estabrooks PA, Lee RE, Gyurcsik NC: Resources for physical activity
participation: does availability and accessibility differ by
neighborhood socioeconomic status? Ann Behav Med 2003,
25(2):100–104.

35. Crawford D, Timperio A, Giles-Corti B, Ball K, Hume C, Roberts R,
Andrianopoulos N, Salmon J: Do features of public open spaces vary
according to neighbourhood socio-economic status? Health Place 2008,
14(4):889–893.

36. Jones A, Hillsdon M, Coombes E: Greenspace access, use, and physical
activity: understanding the effects of area deprivation. Prev Med 2009,
49:500–505.

37. Ellaway A, Macintyre S, Bonnefoy X: Graffiti, greenery, and obesity in
adults: secondary analysis of European cross sectional survey. Br Med J
2005, 331:611–612.

38. Brooks RT, Beard J: Factor structure and interpretation of the K10. Psychol
Assess 2006, 18:62–70.

39. ABS: Census of Population and Housing. Canberra, Australia, ABS cat. no.
20330.0.55.001: Socio-Economic Indexes for Areas (SEIFA), Australia;
2006.

40. Walker K, Breeze E, Wilkinson P: GM. P, Bulpitt CJ, Fletcher A: Local area
deprivation and urban–rural differences in anxiety and depression
among people older than 75 years in Britain. Am J Public Health 2004,
94(10):1768–1774.

41. Wilson DK, Kirtland KA, Ainsworth BE, Addy CL: Socioeconomic status and
perceptions of access and safety for physical activity. Ann Behav Med
2004, 28(1):20–28.

42. Ulrich RS: Natural versus urban scenes: some psychophysiological effects.
Environ Behav 1981, 13:523–556.

43. Ulrich RS, Simons RF, Losito BD, Fiorito E: Stress recovery during
exposure to natural and urban environments. J Environ Psychol 1991,
11:201–230.

44. Agyemang C, van Hooijdonk C, Wendel-Vos W, Lindeman E, Stronks K,
Droomers M: The association of neighbourhood psychosocial stressors
and self-rated health in Amsterdam, The Netherlands. Journal of
Epidemiological Community Health 2007, 61:1042–1049.

45. Piro FN, Noss O, Claussen B: Physical activity among elderly people in
a city population: the influence of neighbourhood level violence
and self perceived safety. J Epidemiol Community Health 2006,
60(7):626–632.

46. Gomez J, Johnson BA, Selva M, et al: Violent crime and outdoor
physical activity among innner-city youth. Prev Med 2004,
39:876–881.

47. Molnar BE, Gortmaker SL, Bull FC, Buka SL: Unsafe to play?
Neighborhood disorder and lack of safety predict reduced physical
activity among urban children and adolescents. Am J Health Promot
2004, 18(5):378–386.

48. Ries AV, Gittelsohn J, Voorhees CC, Roche KM, Clifton KJ, Astone NM: The
environment and urban adolescents' use of recreational facilities for
physical activity: a qualitative study. Am J Health Promot 2008,
23(1):43–50.



Chong et al. BMC Public Health 2013, 13:422 Page 8 of 8
http://www.biomedcentral.com/1471-2458/13/422
49. Phongsavan P, Chey T, Bauman A, Brooks R, Silove D: Social capital, socio-
economic status and psychological distress among Australian adults.
Soc Sci Med 2006, 63(10):2546–2561.

50. Poulos R, Hayen A, Finch C, Zwi A: Area socioeconomic status and
childhood injury morbidity in New South Wales. Australia. Injury Prevention
2007, 13(5):322–327.

51. NSWDOH: New South Wales Population Health Survey. Summary Report on
Adult Health; 2010.

doi:10.1186/1471-2458-13-422
Cite this article as: Chong et al.: Neighbourhood safety and area
deprivation modify the associations between parkland and
psychological distress in Sydney, Australia. BMC Public Health 2013
13:422.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Access to parkland
	Psychological distress and perception of neighbourhood safety
	Measurement of socio-economic status at the area level
	Statistical methods

	Results
	Discussion
	Conclusion
	Competing interests
	Authors’ contribution
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


